21-2%
"Special" group .. 37 4 6% Total 808
The tumours classified under this "Special" group were: The special group of tumours under consideration were not classified as simple or malignant at that time. The cases have been followed up and the findings will be referred to later by Dr. Blomfield. The theca cell and Brenner tumours are essentially benign. Histological examination of the others will not, in many cases, give an answer to the degree of clinical malignancy.
Histogenesis.-It is necessary to consider the embryological development of the ovary. Fig. 1 shows an over-simplified schematic representation of the relation of certain of the tumours to structures seen in the developing ovary. It must be emphasized, however, that most of the tumours probably arise from undifferentiated cells. These cells may produce tissues of either testicular or ovarian type. In tumour formation the development may be bizarre. We may thus find primitive cells and differentiated structures of either or both gonads in the same neoplasm.
Fig. I simply serves to illustrate how the differentiated neoplasm contains tissues similar to those seen in normal gonadogenesis. It also emphasizes the common origin of ovary and testis.
FEMINIZING TuMOURS
Granulosa cell tumour.-Gross examination usually shows a solid tumour of moderate size with a smooth surface. Great variation in size has been recorded. The cut surface often shows small cystic spaces and areas of hlmorrhage in a soft, succulent, slightly yellowish tumour mass.
Microscopy shows the tumour to consist of closely knit, uniform, darkly staining cells typical of the granulosa layer of the ripening ovarian follicle. The pattern reproduces the Call-Exner bodies of the granulosa with small cystic spaces-the so-called microfollicular type (Fig. 2) . The tumour cells, however, may be arranged in cylinldroid or adenomatous formations or be of diffuse type. The picture can thus resemble carcinoma or even sarcoma but the uniformity and resemblance to typical granulosa cells help in differentiation. The malignancy of these tumours is variable. When spread occurs it is often local, such as omentum, and may not appear for many years after removal of the primary growth. Generalized early spread, may, however, be seen.
Theca cell tumour.-Gross examination usually shows a small, firm, yellow tumour, though large neoplasms are occasionally seen. The cut surface shows the yellow tumour to be very firm and suggestive of connective tissue origin.
Microscopy shows a finely set connective tissue tumour of benign type. Lipoid can be demonstrated by special stains. Clusters of cells of granulosa type are often present.
Theco-granulosa cell tumours.-Mixture of granulosa cell and theca cell elements are often seen in the same tumour. In view of the histogenesis this is to be expected and the feminizing effect of both of these tumour types is similar. Some authorities prefer to use the combined term for any tumour of this type rather than to differentiate into granulosa or theca cell varieties.
Luteinization of the granulosa cells may occur, usually in groups of cells rather than the whole tumour mass. Associated pathology.-The feminizing tumours are frequently associated with uterine pathology. Fibromyomata are common. The uterine endometrium classically shows marked cystic glandular hyperplasia. The finding of such endometrium in curettings from a woman well past the menopause may suggest the presence of such a tumour.
The coincident development of carcinoma of the body of the uterus has been much discussed in the literature. The quoted incidence varies from 3 0 to nearly 15yO% (Emge, 1953) . From my own material of 52 cases of feminiizing ovarian tumour, carcinoma of the endometriumn was present in 6 cases, an incidence of 11 5 %.
MASCULINIZING TUMOURS
These are of two main types-arrhenoblastoma and lipoid cell tumour.
Arrhenobla*toma is an ovarian tumour containing structures suggestive of testicular origin. Gross appearance is usually that of a solid tumour of moderate size, though large tumours have been recorded. The cut surface may show small cysts; the solid areas are firm and greyish in colour.
Microscopy varies according to the differentiation of the tumour. In the well-differentiated type (testicular adenoma) well formed tubules of testicular type are seen, often with interstitial cells (Fig. 3 ). In the partly differentiated type, abortive tubule formation may be seen but most of the tumour is cellular, sometimes containing masses of interstitial cells. In the undifferentiated type, a cellular tumour is seen with little or no distinguishing feature, and may resemble sarcoma.
Malignancy is variable and probably can be correlated to some degree with the histological picture.
Lipoid cell tumours.-These tumours are rare but form a well-recognized group. They are usually small and are yellow in colour. They are less firm than the theca cell tumour.
Microscopy varies according to the type of cell which constitutes the tumour mass. In the adrenal-like tumour the picture mimics that of adrenal cortex (Fig. 4 ). In hilus cell tumour the cell features are similar to those seen in characteristic cells found at the hilum of the normal ovary. In Leydig cell tumour the cells are thought to be derived from the interstitial cells of the testis. Some authorities consider the hilus cells of the ovary to be extra-testicular Leydig cells. Hilus cell and Leydig cell tumours may thus be identical. Reinke crystalloids which are present in certain phases of development in the interstitial cells of the testis can at times be demonstrated in the tumour cells.
Gynandroblastoma is a term used to describe a tumour containing both ovarian and testicular elements. Such tumours are rare but serve to show that the histogenesis of the functioning tumour relates to cells of primitive undifferentiated type. These cells have the potentiality of developing into either ovarian or testicular tissue as shown in Fig. 1 . Dysgerminoma is similar to seminoma of the testis.
Gross appearance is that of a solid neoplasm, sometimes large in size. The cut surface shows a homogeneous, rather soft, neoplasm, often grey in colour with a yellowish tinge.
Microsopy shows a cellular neoplasm of apparently malignant type. The cells tend to be arranged in alveolar formation, are pleomorphic and often show mitosis. The supporting stroma is quite variable in amount and characteristically contains abundant small lymphocytes ( Fig. 5 ).
Although the histological picture is that of a malignant tumour, as in seminoma, not all of them behave clinically in that way.
Brenner tumour was originally thought to be of the functioning type of tumour. Gross appearance is similar to that of fibroma but histological examination shows solid epithelial cell masses in the fibrous stroma. The tumour is essentially benign.
Struma ovarii, a tumour composed of thyroid tissue, is usually regarded as an overgrowth of such tissue in a teratoma. Thyrotoxicosis has been recorded but usually there is no obvious hormonal effect. BIBLIOGRAPHY DocKcnTy, M. (1945) GEstrogenic Tumours of the Ovary: Clinical Features. If we accept the description of von Kahlden published in 1895 as being the first authentic case of granulosa cell tumour then our present-day knowledge of this unusual neoplasm of the ovary has been gained by the cumulative experience of sixty years. Von Werdt supplied the term "granulosa cell" in 1914 and with the later recognition and addition of the thecoma, the group of so-called feminizing tumours of the ovary was created.-It would appear that, for the first thirty years of this century, few examples of this tumour were recognized, for when Lepper, Baker and Vaux presented their paper to this Society on March 18, 1932, they were able to record only 40 cases previously published. To this number they added a further 7, 1 recent and 6 diagnosed in retrospect. At that time the association of granulosa cell tumour and menstrual disorders was appreciated but the connecting link between the two was yet to be established. In 1937, Pratt found 200 cases described in the literature and by then there was considered to be increasing evidence to prove that these tumours were responsible for the production of estrin. Since that date there has been an everincreasing flow of papers on this subject and these, collectively, have succeeded in establishing a fairly clear-cut picture of the clinical features but have failed to achieve unanimity in regard to certain other fundamental aspects. Thus, controversy still reigns over such matters as histogenesis, hormonal activity of the granulosa and theca cell, radiation effects upon these cells, malignancy, co-existence with endometrial carcinoma and the carcinogenic effect of the cestrogens.
As yet it is not easy to state precisely the incidence of this variety of tumour in relation to all tumours of the ovary. Novak (1953) has stated that functioning tumours account for some 10% of all primary solid malignant growths of the ovary and a rough estimate is that they represent 1 to 2% of all ovarian tumours. This means that the discovery of such a tumour as a clinical entity, by the individual gynacologist, is still associated with the interest and fascination of a curio. As I can boast of no unique clinical experience in this field, I find myself in the role of a collector of curios. The collection which is utilized as a basis for this paper is that accumulated over the past seventeen years in the Department of Obstetrics and Gynmcology of the University of Edinburgh and consists of 43 cases of (estrogenic tumours of the ovary. Quite recently many of the specimens have been reexamined by Salvatore, of Brazil, temporarily working in the Department. During his study, many fresh sections were prepared and examined and, in the final analysis, the distribution of the material is 25 cases of granulosa cell tumour, 9 cases of thecoma and 9 cases of combined granulosa cell and theca cell tumour, a group which Novak has suggested recently might be termed granuloso-thecoma.
CLiNICAL FEATURES
(1) Age.
It is well known that aestrogenic tumours of the ovary may occur at any age and it is customary to group cases into three age periods, pre-puberty, during the child-bearing period and after the menopause. Unfortunately this series contains no cases in the first group for such specimens would be dealt with elsewhere but I understand that no case in this category has been examined by the paediatric pathologists in Edinburgh during the past twenty years. Of the 42 cases in which the age was known the distribution was as follows:
Age group 20-29 30-39 40-49 50-59 60-69 70-79 80-89 Tumour G T C G T C G T C G T C G T C G T C G T C No. cases 3 0 1 6 0 2 3 0 3 5 3 0 8 3 2 0 1 1 0 1 0 G=Granulosa, T-Thecoma, C==Combined.
In keeping with other published figures, the majority of cases (24) occur from the age of 50 onwards. The maximum incidence was in the age group 60 to 69 years which contained 13 cases and the oldest patient in the series was 86 years. (2) Symptoms.
Generally speaking the symptoms arising from cestrogenic tumours of the ovary will depend upon the age of the patient, the cestrogenic effects of the tumour, the size of the tumour, the nature of the tumour, whether benign or malignant, and any complication such as torsion of the pedicle or rupture. Additional symptoms may be present due to a coexisting condition such as endometriosis, fibroids, carcinoma of the breast or carcinoma of the endometrium.
(a) Disorders of menstruation.-Irregular uterine bleeding is commonly, but not always, associated with feminizing tumours of the ovary and is due to the action of the cestrogens produced by the tumour. It is still debatable as to whether the origin of the cestrogens is the granulosa or theca cell or both and many arguments have been put forward in favour of one or the other view. In 1940, Traut and Marchetti reported a collected series of 61 tumours amongst which 15 showed no evidence of hormone activity. When associated with amenorrhoea they found characteristically a relatively undifferentiated type of tumour, a high theca cell content-a tumour type thought to be less productive in cestrogen-and a tumour showing fibrosis or other form of degeneration. In 4 cases of pure thecoma they found no evidence of endometrial reaction. These observations suggested that the theca cell was either totally or relatively inactive. On the other hand, and more recently, McKay, et al. (1949) stated that the cestrogenic effect was greater in thecomas and, in fact, concluded that the theca cell alone was the source of cestrogen. In the series of cases under review it was noted that endometrial changes indicative of aestrogen activity were associated with each group-granulosa cell, thecoma and combined tumours. For this reason the view is accepted that the granulosa and theca cells are each capable of producing cestrogens and thus no differentiation will be made whilst considering menstrual irregularities, which may be considered most conveniently in relation to the three age groups.
Pre-puberty: There is nothing to add to the well-established fact that cestrogenic tumours occurring at this period of life will cause precocious puberty with the development of secondary sex characteristics and with episodes of uterine bleeding. With removal of the tumour there will be cessation of bleeding and regression of the changes and in due course the phenomena associated with normal and spontaneous puberty will occur.
Child-bearing period: During this period the effects of the cestrogenic tumours upon menstrual function can be defined less clearly than in the pre-puberty and post-menopausal phases for, at this time, a complicating factor lies in the other ovary which, except in the uncommon instance of bilateral tumour, is probably normal. Periods of amenorrhoea of varying duration are a common, but not invariable, complaint. In some instances menstruation may be entirely regular or regular cycles may be followed by continuous bleeding or menstruation may be totally irregular. To account for the amenorrhoea the likely explanation is that the excessive cestrogen output of the tumour inhibits anterior pituitary function to such an extent that the opposite ovary becomes temporarily inactive. Case B.1635.-Aged 33. Nullipara. Symptoms: Abdominal swelling for three years; amenorrhcea for three months. Following removal of a left combined tumour, amenorrhcea persisted and one year later the endometrium showed the typical picture of metropathia himorrhagica.
The unusual post-operative course in this case could be accounted for either by the recurrence of the tumour, by the development of a similar tumour in the other ovary or by a genuine metropathia affecting the remaining ovary. The subsequent follow-up of this patient will be of interest.
In view of the considerable hormonal disturbance associated with these tumours, it is not surprising that most of the patients are infertile. Very few instances of aestrogenic tumour associated with pregnancy have been reported but, once.the tumour has been removed, and with the return of normal menstrual function, pregnancy again becomes a possibility. Case C.2806.-Aged 39. Para-3. Symptoms: Irregular periods of amenorrhoea for six years followed by irregular menstruation for one year and finally amenorrhoea for three months. Following removal of right granulosa cell tumour the menstrual cycle became regular and conception occurred eleven months after operation.
The endometrial pattern in cases of this age group may vary considerably but proliferative, metropathic or polypoidal changes are common. I Post-menopause: Comprising a majority of the cases, and in the presence of an atrophic and inactive endometrium, this age group supplies the best medium for considering the possible cestrogenic effects of thefeminizng tumours. The factors which will influence endometrial response include the type and the qualitative and quantitative nature of the cestrogens and the sensitivity and reactivity of the endometrium. Thus the changes which might occur vary from a nil response to a proliferative picture, to a diffuse hyperplasia, to a metropathic "Swiss cheese" pattern and to diffuse or localized polypoidal formation. In the majority of cases, sooner or later, there will occur uterine bleeding which will recur if treatment is delayed. Such bleedings are probably due to a fluctuation in the blood level of oestrogen dependent upon proliferative or degenerative changes in the tumour, and thus assume the form of an cestrogen withdrawal hiemorrhage. Three possible explanations may account for the absence of post-menopausal bleeding which is a feature of a small percentage of cases: insufficient cestrogenic output, an unresponsive endometrium or the occurrence of some complication, such as torsion of the pedicle, necessitating operative treatment before the time for bleeding is ripe.
Case 15611.-Aged 68. Nullipara. Menopause at 47 years. Symptoms: Anorexia, weight loss, acute abdominal pain. Palpable abdomino-pelvic tumour. Emergency operation.
Findings: Right thecoma, multiple fibroids. Left tubo-ovarian abscess. Polypoidal endometrium.
Of 19 cases where a report on the endometrium was available, benign changes were found in 14. The description of the endometrium was proliferative in 1, general hyperplasia in 5, a "Swiss cheese" pattern in 3, diffuse polypoidal hyperplasia in 4 and localized polypi in 1.
The remaining 5 cases showed undeniable evidence of endometrial adenocarcinoma.
An almost constant finding in association with these tumours, irrespective of age group, is a moderate enlargement of the uterus, to not more than the size of an eight or nine weeks' gestation. This is due to myohyperplasia-a further example of the cestrogenic effects of the tumour. (b) Size of tumour.-The size of the tumour may vary within very wide limits and some huge tumours have been recorded. When it attains sufficient size to become abdominopelvic or abdominal the patient will complain of abdominal swelling. Sometimes pain will be the result of pressure but at other times this symptom is due to a complication of e tumour or to the presence of co-existing disease. In the majority of cases the tumour is obvious upon abdominal or bimanual examination but occasionally nothing abnormal can be discovered either upon clinical examination or from the external macroscopic appearance of the ovary which may be quite normal in size. In such cases the small tumour is discovered only by sectioning the ovary. Obviously the size of the tumour will depend largely upon its proliferative activity and its age at the time of discovery.
Case 3636 (d) Malignancy.-It is not yet possible to give an accurate figure for the incidence of malignancy in the aestrogenic tumours but, in 1953, Novak reckoned that this figure would be in the region of 25-28 %. The three methods by which the malignant nature of the tumour may be recognized are firstly the clinical features, secondly the histological appearances and thirdly the recurrence of the tumour or metastatic growth. The classical clinical features of any malignant ovarian tumour include pain, rapid growth, fixation and tenderness of the tumour, abdominal free fluid and, at laparotomy, signs of local infiltration and metastatic intra-abdominal spread. The second means of establishing a diagnosis of malignancy is by histological examination but this is often notoriously difficult unless there is obvious invasion of the tumour capsule or unless tumour cells can be demonstrated in the lymphatics.
Case 2687. Aged 34. Para-1.
Symptoms: Abdominal swelling and pain for three months. Regular menstruation. Laparotomy revealed bilateral adherent tumours with gross ascites and multiple secondaries throughout omentum and peritoneum. The histological report was that of a malignant granulosa cell tumour with plugs of malignant cells in the adjacent lymphatics.
Further, certain proof of malignancy lies in the recurrence of the tumour or the development of metastases. In order to include all cases in this category a very long-term follow-up is essential for recurrence has been noted even after the lapse of fifteen to twenty years following treatment.
In our series 7 cases were, for one reason or another, diagnosed with certainty as malignant tumours and of these, 4 were granulosa cell, 1 thecoma and 2 combined tumours. This incidence of 16-3 % is by no means final as the majority of the cases still require many years of follow-up observation.
(3) Associated Pathological Conditions.
Most communications on feminizin tumours of the ovary make some reference to the co-existence of endometriosis, uterine fibroids, carcinoma of the breast and carcinoma of the endometrium and many attempts have been made to attribute blame for these associated conditions to the cestrogenic effect of the ovarian neoplasm.
(a) Endometriosis.-Our. records contain only 2 cases in which endometriosis was discovered. This condition is essentially related to the activity of the ovaries for the symptomatology is mainly due to the influence of the ovarian hormones upon the ectopic endometrium. UTsually, symptoms of endometriosis terminate with the menopause but it is possible that if a functioning tumour continues to supply cestrogens beyond that time then certain endometriotic nodules may remain active and continue to cause symptoms. If we accept the theory that endometriosis is due to cell metaplasia initiated by oestrogenic stimulation during the active child-bearing period, it might be that the long-continued cestrogenic stimulation associated with an cestrogenic tumour wil provide this necessary stimulus to metaplasia.
Case 8080.-Aged 25. Nullipara. Symptoms: Normal menstruation prior to seven weeks' continuous bleeding. Findings: Right ovarian cystic tumour containing both a granulosa cell tumour and endometriosis. The endometrium showed proliferative changes.
(b) Uterine fibroids.-Seven instances of uterine fibroids were reported in this series, a normal incidence, and of these 5 were associated with granulosa cell tumours and two with thecomas. 6 out of the 7 patients were beyond the menopause and in 2 of these, I granulosa cell and 1 thecoma, there was, in addition, carcinoma of the endometrium. Normally the growth of fibroids is confined to the active child-bearing period when, once again, the ovarian hormones are implicated and believed to provide the stimulus for growth from embryonic muscle-cell rests. Normally, some regression occurs with the menopause but it may be that, in the presence of a functioning ovarian tumour, the cestrogenic effect will prevent this change. There is no evidence to show that such oestrogenic tumours can initiate growth of a fibroid in the post-menopausal years and in none of the cases, discovered in this age group, did it appear that the fibroids were causing symptoms.
(c) Carcinoma ofthe breast.-Mention of this additional disease at once raises the difficult problem of the carcinogenic effect of the cestrogens and a brief reference to this subject will be made shortly. Several authors have recorded cases of mammary carcinoma in patients with cestrogenic tumours, for example, Macafee in a paper to the Edinburgh Obstetrical Society in 1954 mentioned 2 cases amongst a series of 23 thecomas. Dockerty and Mussey (1951) found 3 cases of mammary carcinoma in a group of 87 feminizing tumours. From our records we could find only I case and this again was associated with a thecoma, and also with adenocarcinoma of the uterine body.
(d) Carcinoma of the endometrium.-The association of carcinoma of the endometrium and cestrogenic tumours of the ovary constitutes one of the most debatable subjects of the present day. In 1950 Haines and Jackson reviewed a series of 40 cases without a single associated carcinoma of the body but, on the other hand, in 1951, Dockerty and Mussey reported 15 cases of uterine carcinoma amongst 87 patients with aestrogenic tumours and, in the same year, Ingram and Novak (1951) in a review of the literature from 1920 to 1949 found 50 cases of the co-existing tumours, and they added 4 more. Of the total, 29 were thecomas and 25 granulosa cell. In 1954, Macafee reported 4 instances of carcinoma of the body in 23 cases of thecoma and 2 further body carcinomas were found in 17 cases of granulosa cell tumours. In our series there were 5 patients with adenocarcinoma of the endometrium, 3 associated with granulosa cell tumours and 2 with thecomas. Dockerty and Mussey considered that the incidence of the combined conditions was greater than could result from chance but Emge, in 1953, held the opposite viewpoint. He stressed the difficulty in differentiating between atypical hyperplasia and early carcinoma and quoted a series, consisting of 29 granulosa cell tumours and 14 thecomas, without associated endometrial carcinoma. The main difference of opinion in this matter concerns the carcinogenic effect of the cestrogens. Emge considers that his findings do not prove cestrogens to be carcinogenic but Dockerty and Mussey believe otherwise and quote as evidence the experimentally induced cancer in mice, the rarity of carcinoma after oophorectomy, the cestrogenic vaginal smears obtained in cases of malignant uterine lesions, and the late menopause common in patients with fundal carcinoma. Novak, amongst many others, upholds this view and claims that the carcinogenic effect of thecomas is greater than granulosa cell tumours and Ingram and Novak (1951) consider that the older age group is particularly liable to this. combination of tumours.
To sum up the present position it would seem that, whilst most published series record a high incidence of the combination of these tumours, the carcinogenic effect of cestrogens in the human requires clarification. It remains a theoretical possibility that if a potentially malignant cell exists in the endometrium then the stimulus for growth may be provided by the oestrogens which are capable of causing marked proliferation in the normal tissues of their target organs. If this stimulus is lacking then the malignant cell may never proliferate or the individual may die from some other cause before tumour formation becomes established.
(Estrogenic tumours and pelvic irradiation: Following several reports of cases of cestrogenic tumour growing and causing symptoms after pelvic irradiation, it has been suggested thatsuch irradiation might have a stimulating effect upon the granulosa and theca cells. Commenting on experimental work in mice in which ovarian tumours had been induced by X-ray radiation, Traut and Butterworth (1937) considered the effects of irradiation to be degeneration of ova, partial degeneration of granulosa cells, slight effect on theca cells and, finally, proliferation of germinal epithelium and granulosa cells. In 1940 Traut and Marchetti, reporting 2 cases following intra-uterine irradiation, considered that this treatment did not prevent or destroy the ovarian tumour. In 1951 Ingram and Novak mentioned 5 cases of feminizing tumour following previous pelvic radiation. Case B.8809.-Aged 61. Para-2. Menopause induced by sterilizing dose of X-rays, for metropathia, at 53 years. There followed six months' amenorrheea, then six years' irregular bleeding and recently three months' continuous bleeding.
Findings: Thecoma with hyperplastic polypoidal endometrium. Case D.5272.-Aged 58. Para-5. Spontaneous menopause at 44 years. Thereafter irregular bleeding until 55 years. Curettage led to diagnosis of metropathia treated by sterilizing dose of-X-rays. Further bleeding three years later.
Findings: Granulosa cell tumour with polypoidal endometrium. In these 2 cases quoted from our series it seems likely that the tumour was in existence at the time of X-ray irradiation and continued to grow thereafter.
DIAGNOSIS
In the past the usual means of diagnosing an cestrogenic tumour was by histological examination of an ovarian neoplasm removed at operation. With a greater knowledge ofclinical features, however, and an awareness on the part of the gynxcologist of the existence of such a tumour it is probable that a more frequent clinical diagnosis, or at any rate presumptive diagnosis, will be made before treatment is undertaken. In the patient who is. still menstruating, the chances of such a diagnosis must still remain remote, at least in the: early stages of the tumour growth. At this time the clinical features may well fit in with the diagnosis of the more common condition of metropathia hwmorrhagica. The endometrium shows evidence of prolonged cestrogenic stimulation, the uterus is enlarged, and ovarian enlargement is also present due to the follicular cyst. In addition there is the common history of periods of amenorrheea. Perhaps the clue to the presence of an cestrogenic tumour in this age group would be the continuation of cestrogenic effects, in spite of treatment, and ultimately the recognition of progressive enlargement of the ovary.
In the post-menopausal patient it is likely that the presenting synptom will be bleeding, although, as previously mentioned, there are exceptions to this rule. The causes of postmenopausal htmorrhage are many and the incidence of cestrogenic tumours as a cause of this bleeding is low. In 1933, Fahmy analysed a large series of 937 cases of postmenopausal hemorrhage and found the cause to be granulosa cell tumour in only 3 patients. Because of the high incidence of malignant lesions of the genital tract as a cause of this abnormal bleeding, any patient with this complaint must be fully investigated without delay. This rule holds good even if there is a clear history of cestrogen therapy, nowadays employed with increasing frequency in the treatment of post-menopausal symptoms, senile vaginitis and many other conditions. As is well known, such therapy may or may not be associated with withdrawal bleeding dependent upon dosage, period of treatment and endometrial sensitivity. In all cases where the diagnosis is not immediately obvious, such as in clinically established carcinoma of the cervix, diagnostic curettage is an invariable necessity. This investigation may produce evidence of endometrial activity in either a benign or malignant form. In the former case, with the exception of women within a year or two of the menopause and those who have received cestrogen therapy, the presence of endometrial activity indicates abnormal functioning cestrogenic tissue somewhere in the body and if, on examination, an ovarian tumour, irrespective of size, is discovered then the likely diagnosis is that of cestrogenic tumour of the ovary. In the absence of a palpable tumour, but in the presence of positive endometrial findings, laparotomy is justifiable. In doing this a suspected tumour may be discovered before its presence becomes clinically obvious. The following 2 case records are quoted to illustrate these points. Case When diagnostic curettage for post-menopausal bleeding reveals the presence of carcinoma of the endometrium, the possibility of a co-existing cestrogenic tumour should be kept in mind particularly if the history of bleeding has extended over many years. Case 6120. Aged 62. Para-3. Menopause at 50 years. Symptoms: Irregular bleeding since the menopause (twelve years). Diagnostic curettage-adenocarcinoma of body. Treatment was by total hysterectomy with removal of appendages. The ovaries were normal in size but on section one contained a small granulosa cell tumour which, on histological appearances, was regarded as malignant.
In this case it seems probable that the ovarian tumour was responsible for the many years of bleeding and that the endometrial carcinoma was an additional, but more recent, factor in causing the hxmorrhage.
For the future, we should explore in two directions in order to elucidate some of the many problems still associated with these interesting cestrogenic tumours of the ovary.
Firstly, much can still be learned from the study and analysis of really large groups of cases and we look towards such organizations as the Ovarian Tumour Registry of the American Gynzcological Society to provide a sufficient number of collected cases to merit authoritative conclusions. The second approach which is likely to yield results lies in the reliable assay of cestrogenic and pituitary hormones. A few assays of cestrogens have been made in cases of cestrogenic tumour by biological methods but these are quantitatively inaccurate and the same criticism may be levelled against the findings in vaginal smears. Quite recently Brown (1955) , working in the Clinical Endocrinological Research Uinit in Edinburgh, has ,evolved a method of urinary extraction and colorometric estimation of cestradiol, oestrone and oestriol. This method appears to be very accurate but, as yet, has been applied to only ,one case of thecoma. A single twenty-four hours' urinary assay produced quantities of the cestrogens not considered to be excessive for the patient's age, 86 years. However we look forward to the further clinical application of this assay method to future cases of suspected cestrogenic tumour of the ovary. I should like to record my thanks to the many gynaecologists who so willingly supplied details of their personal cases. TRAUT, H. F., and BUFERWORTH, J. S. (1937) Amer. J. Obstet. Gynec., 34, 987. , and MARcssrm, A. A. (1940) Surg. Gynec. Obstet., 70, 632. VON WERDT, F. (1914) Beitr. path. Anat., 59, 453. Mr. G. W. Blomfield (Lecturer in Radiotherapy, University of Sheffield; Medical Director, Sheffield National Centre for Radiotherapy; Consultant Radiotherapist, United Sheffield Hospitals): Tumours of the ovary present peculiar difficulties in their classification. Ewing states, "Ovarian tumours present a wider scope of structure, greater individual variation and a more complex embryologic and histogenic basis than those of any other organ, and for these reasons they have escaped satisfactory classification". I have interpreted functioning ovarian tumours as those which are likely to have a hormonal effect upon the patient by reason of endocrine function. Usually ovarian tumours are asymptomatic during the initial stages, and except in the case of functioning tumours, the first sign or symptom is usually a painless swelling of the abdomen-though pressure symptoms, torsion and rupture can give rise to acute symptoms.
In order to get a comparison between tumours of a special and unusual type and the more common varieties, all cases of malignat ovarian tumour referred to the Radiotherapy Centre at Sheffield during the decade 1943-1952 have been reviewed. There were 216 cases and some interesting facts emerge. The tumours were of a very great diversity in type, and they varied from the anaplastic and metastasizing growths to the relatively benign and slow growing. Some were difficult to assign, and a definite pronouncement regarding their malignancy was not possible even when the whole tumour was available for pathology.
Of the 216 eases reviewed (see Table I ) about one-half were dead within one year of being DX=Deep X-ray therapy. The tumour dose follows in roentgens. SX=Supervoltage X-ray therapy. Ra= Intracavitary radium. The uterine/vaginal dose follows in mg. hours. referred for treatment. Of those surviving one year, about 2 out of 5 remained clinically clear or controlled.
The overall five-year survival rate was just over 18% but this should be viewed in its proper perspective. The series includes all manner of advanced and inoperable cases many of which were recurrent or persistent growths following surgery. Table II shows the ten-year survivals analysed for pathology and treatment. They include one case of dysgerminoma treated by X-ray therapy alone and one case which was originally of undertermined pathology which has recently shown evidence of metastatic deposits in the neck of an adenocarcinomatous origin. Table m gives the fiveto ten-year survivals. An example of difficult diagnosis is exhibited in Case No. 151 (1946) where the tumour was incinerated by an energetic nurse before it could be examined histologically. The only survival of 1947 was also a problem in diagnosis. Reassessment of this case shows that the tumour was most probably a thecoma, though diagnosed originally as a medullary carcinoma. Table IV shows the five-year (from 1949 ) and it will be seen that we were still giving relatively low doses in routine post-operative radiotherapy-generally of the order of 3,000 r units tumour dose in four weeks. It has not been our policy to radiate the whole abdomen and the therapy has generally been limited to the pelvis, the iliac glands and the lower para-aortic group, the area covered depending upon the individual case. Case No. 264 is of some interest in that the growth was inoperable, a biopsy only being possible. It was treated first by deep X-ray therapy. It regressed considerably and became operable later. After removal it was carefully examined and all traces of the original carcinoma had disappeared, leaving a simple cystadenoma behind.
Not many functioning tumours were found in the survey of 216 cases and in order to obtain further material for analysis it was necessary to go further afield. I am indebted to many of my colleagues for clinical details of cases sent from Edinburgh, Birmingham, Oxford, Cambridge, Glasgow, and the Royal Marsden Hospital and the Royal Free Hospital at London.
The cases have been analysed into the following groups:
(1) Feminizing tumours: granulosa cell tumour; thecoma (non-malignant).
(2) Masculinizing tumours: dysgerminoma; arrhenoblastoma.
(3) Other functioning tumours.
FEMNZiNG GROWTHS OF THE OVARY Granulosa cell tumour.-Though it is difficult to say which particular growths have a high degree of malignancy, the evidence available shows that the granulosa cell group as a whole is malignant. These growths are, however, very much less malignant than the average run of ovarian tumours, and out of the 99 cases in the series 66 were living and clinically free from disease after three to thirteen years follow up, and 26 had died of disease (see Table V ). Extensive and fixed tumours were, as a rule, fatal, but some of these and Pathologically this was a granulosa cell tumour of mixed cell type. Mitoses were rather more frequent than is usual in a granulosa cell tumour. A peritoneal nodule showed "actively growing granulosa cell tumour". This patient had a course of deep X-ray therapy to 2,100 r depth dose in 1949. A course of supervoltage X-ray therapy was given to a depth dose 6f 4,000 r in four weeks for a pelvic recurrence in March 1951. She was living in December 1954 but had then developed further secondary deposits, this time in the liver. Example from another centre: Patient aged 51 with irregular vaginal hmmorrhages and a large swelling arising out of the pelvis to midway between the symphysis pubis and the umbilicus. Operation 31.8.49 . A large granulosa cell tumour of the ovary was removed but hard necrotic nodules on the pelvic wall, peritoneum and ascending colon were left behind. Histologically it was a granulosa cell tumour of folliculoid pattern. Post-operative deep X-ray therapy was given by large opposed fields 30 cm. x 30 cm. at 100 cm. F.S.D. to 2,500 r units incident dose. She remained well for five years after which widespread secondary deposits appeared in the skin of the trunk. There are three more cases reported from other centres where X-ray therapy was given to recurrences and where this was followed by resolution or control of the deposits for periods of several years, one patient being free from symptoms six years after treatment to extensive recurrence in the inguinal region. As these metastases sometimes arise from relatively slow-growing tumours their control can give relief from symptoms for long periods, and X-ray therapy can be of lasting benefit.
The treatment policy at most hospitals is one of surgery in the first instance. Postoperative X-ray therapy is seldom carried out as a routine treatnent and the number of such cases available for analysis is insufficient to warrant conclusions as to its desirability. There is no doubt, however, that granulosa cell tumours of the ovary are relatively sensitive to irradiation and it would seem well justified to give a course of radiotherapy as a post-operative measure where there is suspected spread beyond the area of surgical excision or where the removal is incomplete.
Thecoma.-I mention thecoma merely because it is a functioning tumour and is commonly associated with changes in the edometrium which may go on to the frank carcinoma of the uterus. It is also found in association with granulosa cell tumours. Out of 31 cases of thecoma collected there were 2 deaths, both following upon operation, and no cases where the tumour showed clinical evidence of malignancy apart from its association with other ovarian and uterine tumours.
It would appear that surgical treatment is the surest way of dealing with it and in any event it could hardly be diagnosed with any reasonable degree of certainty without operative measures.
VIRILIZING GROWTHS OF THE OVARY Dysgerminoma.-The dysgerminoma is not, perhaps, a true functioning tumour, its effect being generally negative rather than positive. It does not result in obvious virilizing effects but it may result in lack of female development. It occurs in young girls, sometimes before puberty and generally in otherwise perfectly healthy individuals. In all I have been able to collect 24 cases and 6 of t4em were Sheffield cases on which I have very full clinical details. The malignancy (under present methods of treatment) would appear to be lower than ovarian tumours in general but higher than in the granulosa cell tumour in particular (see Table VI ). Cases treated by radiotherapy at Sheffield have generally been either completely inoperable or recurrent following surgery. Three are worth particular mention: I.-Miss I. B., aged 11 when first seen in 1944. She had pain in the right iliac fossa for twelve months, getting worse, and would wake up screaming. She had already had appendicectomy two years previously. She had a marked frequency of micturition being unable to hold urine more than one hour. On examination there was a fixed mass arising out of the right side of the pelvis and reaching to the umbilicus. Laparotomy was carried out but only a biopsy could be obtained and findings confirmed the previous diagnosis of fixed growth. The biopsy was reported as "Seminoma" -had it been mixed with another specimen from a male? There was no possibility of this, however, and the tumour was a dysgerminoma.
She was given deep X-ray therapy, 1,500 r in nineteen days to the tumour and 1,500 r in twentyeight days to the para-aortic gland.
No other treatment was given in this case and the tumour steadily resolved so that two months later there was very little to feel and four months later there was no sign of it. She has remained well and ten years later is perfectly healthy apart from the fact that she has never menstruated.
radiotherapy until June 1949 when she had a mass in the mediastinum and in the left supraclavicular fossa. These were secondary deposits and she had several courses of X-ray therapy to these areas and to the spine, to approximately 2,000 r but the growths were widespread and proved fatal. She died three years after removal of the primary growth. Radiotherapy kept the tumours under control for two years.
Another case reported to me by Dr. A. A. Charteris of Glasgow is of some interest. Child aged 12 years with a swelling up to the umbilicus. She had the tumour removed 5.7.50 and there was infiltration of the omentum. The tumour was a dysgerminoma and the infiltration was microscopically confirmed as an extension. She had 2,500 r units tumour dose by deep X-ray therapy in four and a half weeks, post-operatively, and she was well and free from recurrence four years later. There was no menstruation before or after treatment, but otherwise development was normal.
The conclusion I draw from these cases and from other cases reported to me by my colleagues is that dysgerminoma of the ovary behaves very like seminoma of the testis in its response to irradiation. As it is liable to recur post-operatively there would appear to be a good case for routine post-operative radiotherapy unless the growth is completely removed and the opposite ovary unaffected. Spread to the opposite ovary is however not uncommon.
Arrhenoblastoma.-The rarity of this growth makes it difficult to draw definite conclusions regarding its treatment by radiotherapy. 7 cases are reviewed-A from Sheffield and 3 reported from other centres (see Table VII ). These cases showed great individual variations. One of the Sheffield cases had extensions up the right ileo-cecal gutter from a large mass in the right iliac fossa. It was inoperable and too extensive even for radiotherapy though irradiation was attempted and abandoned. It was rapidly fatal. Another case occurred in a mental defective who had a somewhat masculine distribution of hair. The growth here was large and extended into the left broad ligament beyond the range of surgery. After partial removal she had deep X-ray therapy to 3,000 r depth dose in twenty-one days and she died four months later with growth still present.
The 2 other cases at Sheffield were earlier cases and were dealt with successfully by excision of the growth.
OTHER VIRILIZING AND FEMINIZING TUMOURS There are other tumours, some of which have more powerful hormonal effects, particularly those of adrenal origin but I have no experience of their treatment by radiotherapy.
Chorionepithelioma can occur as a primary tumour of the ovary as it can in the testis; as such it is an even greater rarity. From my personal experience of the latter-it would have some degree of radiosensitivity but is not to be classed amongst the very sensitive growths and by the time it is recognized it is not likely to be curable.
Besides these tumours there are other malignant growths which can function, such as struma ovarii and struma ovarii malignum. From my experience of malignant thyroid adenomas the latter could very well be of secondary origin. It is excessively rare. Simple teratomas or "dermoids" may rarely go on to malignancy-particularly in their epithelial elements. Table VIII is an analysis of the few cases I have been able to collect. One case at Sheffield presented a simple dermoid cyst on the right side and a solid malignant dermoid on the left side, with undifferentiated ectodermal tissue invading the local stroma.
As it was completely excised there was no special indication for radiotherapy. In the course of this investigation into special tumours of the ovary some interesting cases were found, some of which were of unknown pathology. In one instance a large ovarian tumour in a woman of 56 proved to be inoperable but a "deposit" in the omentum was taken for histology. This "deposit" was inadequate for pathology. Supervoltage X-ray therapy was given to a depth of 2,700 r units in three weeks. Seven months later the growth had regressed so much that operation was again attempted and this time the tumour removed.
But only the stroma remained and the malignant growth had presumably been completely absorbed after radiotherapy.
Another case which was referred for radiotherapy is of pathological interest. The growth consisted of an adenocarcinoma arising in an endometrium of the ovary, one ovary containing benign endometrial cysts, the other and larger ovary showing a change from endometriosis to frankly malignant adenocarcinoma. It was, therefore, a case of malignant change in functioning ectopic endometrial tissue.
TREATMENT TECHNIQUES
The technique which offers the best prospects of palliation or cure should be varied to suit the pathology and anatomical distribution of the growth. Both these factors will have to be borne in mind. We can divide the cases into the following types: (1) Treatment of a primary inoperable growth with no known metastases. (2) Treatment of a primary growth with known metastases. (3) Post-operative radiotherapy-suspected spread beyond the field of operation. (4) Treatment of recurrences.
(1) Treatment ofthe inoperableprimary growth.-Though there may be no known secondaries a tumour such as a dysgerminoma is likely to produce para-aortic glands. Here we should treat the primary growth and the glands which are most likely to be affected. But we should spare the upper abdomen and avoid taking more than one-third to one-half of the kidneys into the field of radiation. The same technique would be logical for other functioning tumours, but higher doses should be given-for the less sensitive types.
(2) Treatment of primary growth with known metastases.-When known metastases are within the abdomen, abdominal baths are worthy of trial, but they seldom control any but the most sensitive growths, the dose being limited by the renal and hepatic tolerance. The main object will be palliative therapy in the majority of cases.
(3) Post-operative radiotherapy for suspected spread beyond the field of operation.-The treatment here will no doubt depend upon the nature of the growth and the probable extent of the spread. In a case of relatively low malignancy but moderate radiosensitivity, it would appear better to give a relatively high dose to the pelvis and leave the upper abdomen out of the radiation field. To take the whole abdomen into the field of radiation would seem to me unjustified and likely to lead to such low dosages as to be insufficient to deal with the most likely contaminated area-the lower abdomen and pelvis.
(4) Treatment ofrecurrences.-There is good evidence that recurrences from certain types of ovarian tumours, particularly from dysgerminomas and granulosa cell tumours, will respond to radiation. Combined surgery with post-operative radiation for accessible recurrences would appear to be well justified. For the inoperable recurrences radiotherapy is generally worth while. It may give relief to the patient and control the disease.
In conclusion it can be said that functioning tumours of the ovary form a relatively uncommon but important group. Amongst these tumours varying degrees of malignancy are met with but even taking the malignant functioning growths as a whole, they have a much more favourable prognosis than the ordinary carcinomas of the ovary which are commonly met with. They yield better to radical surgery, and certain types, such as the dysgerminoma, are particularly responsive to radiotherapy. Supervoltage X-ray therapy has advantages over X-ray therapy at lower energies for these tumours, as it has for other deep-seated tumours, and would appear to be all the more desirable on account of the very good chance of controlling these growths.
My thanks are due to Dr. C. G. Paine for his kind help and advice on the pathology, to Dr. F. E. Neal, who assisted me in the analysis of cases, to Dr. C. W. Taylor, for details of his own cases and to Dr. Frank Ellis and many of my colleagues who so kindly assisted me by supplying material from other centres. REFERENCE EwING, J. (1940) Neoplastic Diseases, 4th ed. Philadelphia and London; p. 641.
